Background
Neurofibromatosis (NF) is an autosomal dominant disorder with a high mutation rate and a prevalence of around 30/100,000 of the population [1] . The National Institutes of Health (NIH) divide neurofibromatosis into type 1 (NF1 or von Recklinghausen syndrome) and type 2 (NF2, acoustic neurofibromatosis, or central neurofibromatosis). The genetic defect in NF1 is usually a mutation in the neurofibromin gene on chromosome 17 (17q11.2). The most common features of the disease include multiple neural tumors (neurofibromas) on the skin or within the body, and pigmented skin lesions.
Neurofibromin normally functions to down-regulate the p21 Ras oncoprotein. The loss of the tumor suppressor function of neurofibromin leads to proliferation of neural tumors. NF1 is a common inherited cancer predisposition syndrome, in which affected individuals are prone to the development of brain tumors [2] .
In children, the most frequently identified brain tumor is the optic pathway glioma (OPG) [3, 4] . Optic nerve gliomas occur in 12% of patients with NF1, with most of these occurring within the first decade of life and progressing to visual loss or other neurologic symptoms [5] .
OPGs are low-grade glial fibrillary acidic protein immunoreactive tumors that typically affect the prechiasmatic optic nerves and chiasm [6, 7] . Images exposing optic nerve gliomas may also reveal high signal intensity lesions in the basal ganglia, thalamus, or cerebellum [8, 9] , which was the case discussed in the present report.
Determining when to treat young children with NF1-associated OPGs is a challenging clinical problem. As these tumors are grade 1 pilocytic astrocytomas that do not have malignant potential themselves, it has been argued recently that genotoxic chemotherapy and neurotoxic radiotherapy are not indicated in these cases [10] .
In cases of progressive disease, traditional radiotherapy is contraindicated and is not recommended now, as it leads to a poorer neuropsychological outcome, secondary tumors, vascular complications, and long-term adverse effects [11, 12] .
Chemotherapy treatment was introduced in the 1990s to postpone or replace irradiation in the management of children with this type of tumor, and it has become the mainstay treatment for children with progressive OGPs. There have been a number of studies that show visual and radiological stabilization in children with progressing OPG who receive chemotherapy, and a number of phase I and II trials in the United States are looking for new treatments for OPG with new chemotherapy drugs [13, 14] .
Some studies have shown the efficacy of chemotherapy in inducing tumor response, but administration of chemotherapy can lead to undesirable side effects [15] [16] [17] [18] . The accepted drugs for NF1 with optic glioma are carboplatin with vincristine. During carboplatin treatment, 30-40% of patients develop hypersensitivity in the form of rash, and the side effects of vincristine treatment are peripheral (outside the brain and spinal cord) nerve damage.
In 1976 Linus Pauling proposed the treatment of cancer patients with intravenous vitamin C (IVC), followed by oral maintenance. Vitamin C (ascorbic acid, ascorbate), especially at high pharmacological concentrations, has a long and widely discussed history in treating cancer [19] [20] [21] [22] [23] [24] [25] . According to our studies and studies by other research groups of high-dose ascorbic acid and cancer [26] , there are several advantages in the treatment of such patients with IVC. The IVC therapy is toxic to tumor cells, but not to normal cells; it can suppress angiogenesis and inflammation, boost the immune system, cause differentiation of cells, and improve quality of life of cancer patients.
In this report we document a NF1 optic glioma case treated by IVC after conventional treatment.
Future clinical studies of patients with similar conditions are warranted to prove the benefits of this type of alternative therapy before or after conventional treatment.
Case Report
A 3-year-old Caucasian male affected by NF1 was brought to the clinic because of a history of chiasm optic glioma. The diagnosis was made at the age of 14 months by magnetic resonance imaging (MRI). At that time, the patient was diagnosed with optic glioma of the left optic nerve and a small right optic glioma. The patient was previously diagnosed with NF1 at three months of age. No other pathological findings were documented at the general physical and neurological examination. Furthermore, due to his age and poor cooperation, the visual function was not evaluated.
Because of the clinical and neuro-radiological progression of the tumor, at the age of 14 months the child started chemotherapy (carboplatin and vincristine), according to the International Society of Pediatric Oncology protocol for progressive low-grade glioma. The treatment consisted of weekly treatment for ten weeks, and then continued with eight cycles consisting of four weeks of chemotherapy with 21 days off during 15 months.
Descriptions of the diagnostic imaging reports during chemotherapy are presented in Table 1 . MRI results demonstrated the "continued optic pathway with a slight increase in size and degree of enhancement within hypothalamic component and more prominent contrast enhancement in the left optic nerve."
Five months after chemotherapy, on 07/05/2012, the diagnostic MRI reported that the "largest focus within the interior right cerebellum measured 8×8 mm in comparison with 5×3 mm on the prior study in April 2012. There was the marked enlargement of the left optic nerve secondary to the optic glioma, involving the entire length of the optic nerve and extending posteriorly into the orbital apex. The mild interval increased enlargement of the optic chiasm was observed when compared with the prior image. The right optic nerve continued to be mildly enlarged."
The diagnostic images on 10/23/2012 (8 months after chemotherapy) again demonstrated optic pathway tumor with enlargement and tortuosity of the left optic nerve. Abnormal patchy contrast enhancement was presented within the region of the hypothalamus, optic chiasm, and bilateral optic tract. The left optic nerve portion of the optic pathway tumor was decreased in comparison with the images from the beginning of chemotherapy (6×6 mm; previous measurements were 8×9 mm).
The increase of the abnormal T2 bright foci within the bilateral cerebellum and decrease of the left optic portion of optic pathway tumor during chemotherapy are shown in Figure 1 . At the end of the chemotherapy on 04/02/13, MRI demonstrated optic pathway tumor with enlargement and tortuosity of the left optic nerve, and enlargement of the hypothalamus and optic chiasm. The chiasmatic portion appeared slightly more prominent, measuring 19×15×17 mm in comparison with the previously measured 17×11×12 mm. The portion of tumor involving the hypothalamus demonstrated enlargement. There was a more prominent area of enhancement measuring 12×11×9 mm in comparison with the previous size of 4×5×3 mm. During chemotherapy when the patient was 32 months of age, the MRI showed that the size of the tumor centered within the hypothalamic and chiasmatic regions was stable, but the enhancing component of this tumor was increased in size, measuring 2.1×1.9×1.6 cm in comparison with prior measurements of 1.4×1.7×.4 cm.
The examination by the ophthalmologist showed that child did not have any peripheral vision in his left eye. It wasn't known whether or not he could see with his left eye because he was unable to localize it.
The oncology doctor who had seen the patient was very concerned about the optic pathways, which were torturous on his left eye, extension of the tumor into the chiasm and into the right optic nerve, and the progression of tumor growth. The doctor discussed with the parents additional treatments such as radiation or a different type of chemotherapy that could cause different side effects (nerve problems, ability to walk, hand movement, etc.), but the mother decided to find alternative treatment.
The patient came to the clinic four months after chemotherapy on 08-08-2013. Laboratory tests were performed to evaluate his levels of vitamin C, vitamin D, inflammation (C-reactive protein), and allergic reaction to food by cytotoxic test. Except for a low level of vitamin D (30 ng/mL, normal range 40-80 ng/mL), all other evaluated parameters were in the normal range. The complaints at the first visit were mood swings, poor concentration, night sweats, muscle weakness, impaired vision, teeth grinding, and frequent infections (bronchitis).
The patient received IVC injections once per week (7 g at the first visit, 10 g the next 4 weeks, and after that 15 g per week, for a total of 100 treatments). All periods of IVC treatment and chemotherapy are shown in Figure 2 . The bar shows the duration of the initial chemotherapy, and each square represents the high-dose IVC injection. The values on the X-axis correspond to the amount of injected vitamin C in grams. Table 1 shows a summary of the MRI reports, the number of IVC treatments between MRIs, and the dosages of injected vitamin C.
The level of ascorbic acid in blood was measured 3 times (after 7 g, 10 g, and 15 g of vitamin C) and reached 190 mg/dL-210 mg/dL, which was 100 times higher than the pre-treatment level. Changes in the hypothalamic component before and during IVC treatment are shown in Figure 3 and demonstrate the reduction in the size of tumor during IVC treatments. According to the data in Figure 3 , the size of hypothalamic/optic chiasm tumor had increased about two times at the end of chemotherapy, remained the same size at the beginning of the IVC treatment, and decreased about five times during two years of IVC treatment.
After 2.5 years of the treatment by IVC at the clinic, the patient had an MRI in August 2015 and in February 2016. The results are presented in Table 1 and are shown before and after treatment in Figure 4A and 4B. The MRIs (sagittal view) demonstrate a hyperintense mass (hypothalamic/optic chiasm tumor and optic pathway tumor) before IVC treatment ( Figure  4A ) and reduced intensity after treatment ( Figure 4B ). Circled areas in figures indicate the chiasmatic/hypothalamic pathways before and after treatment. The left optic nerve shows hyperintensity on both images with decreased and stable appearance after treatment.
In August 2015 the patient's oncology doctor stated that the tumor was stable, with shrinkage in the chiasm/hypothalamus area (1.1×1.1×1.0 cm vs. 1.1×1.2×1.3 cm). The tumor on the left optic nerve was still considered enlarged and tortuous. 
A B
Half a year later in February 2016 the oncology doctor recommended, based on the results of shrinkage and stability of the tumor over the past two and a half years of IVC treatment, continuation of the treatment and reevaluation in one year.
The patient still comes to the clinic weekly and continues highdose IVC treatment. The patient is monitored by our doctors, and there have been no complications caused by the treatment.
Discussion
We present a case report of a patient with NF1 and optical glioma who had high-dose IVC treatment about three years after one year of conventional treatment (carboplatin and vincristine). To our knowledge it is the first case report of a NF1 patient with OPG treated intravenously by high-dose vitamin C, as an extensive literature review did not reveal cases of children with NF1 and OPG treated by IVC.
The results of the MRI analysis during and at the end of chemotherapy showed the continued optic pathway tumor with a slight increase in size and degree of enhancement within the tumor centered in the hypothalamic/chiasmatic regions.
Approximately 4 months after completion of chemotherapy, the patient started treatment at the Riordan Clinic with highdose IVC (7.5-15 g) one time per week.
As nutritional evaluation of vitamin levels demonstrated low vitamin D, a dose of vitamins D3/K2 5000 IU/50 µg per day was prescribed. At the end of the treatment, the patient's level of vitamin D increased from 30 ng/mL to 120 ng/mL. Diet improvements were recommended with addition of fruits, vegetables, and a shake supplement with proteins, vitamins, and essential minerals.
The improvement of the patient's condition after 2.8 years of treatment at the clinic was described based on diagnostic MRI reports in Table 1 and Figures 3 and 4 . There was shrinkage/stabilization of the tumors in the hypothalamus, optic chiasm, and left optic nerve according to radiographic imaging. The right optic nerve that showed initial enlargement demonstrated normal appearance according to the last two MRI reports made during IVC treatments.
The patient was treated according to the Riordan Protocol, which involves the slow infusion of high-dose IVC [26] . This protocol is used by many integrative and orthomolecular practitioners for treating a variety of conditions, such as combating infections, treating chronic diseases, and in cancer care.
Our clinic has treated thousands of cancer patients for more than forty years using this protocol. The rationales for using intravenous ascorbate infusions to treat cancer, based on our studies and experience, are summarized in reference 26. According to the studies, ascorbic acid is a key water-soluble antioxidant that, when administered in doses well above its recommended dietary allowance, may have preventative and therapeutic value against a number of pathologies. Ascorbic acid is essential for the formation of collagenase, a basic substance of connective tissue, which may be related to corneal wound healing and prevention of cerebral tissue degeneration [27, 28] .
In one study, the anti-proliferative and apoptotic effects of ascorbic acid on T98G glioma cells through modulation of IGF-IR expression and consequent facilitation of programmed cell death were reported [29] . A previous study showed upregulation of proteolipid protein (PLP) and myelin-associated glycoprotein (MAG) genes in ascorbic acid-treated rat glioma C6 cells [30] .
Our studies have demonstrated that IVC treatment of cancer patients has an anti-inflammatory effect and anti-angiogenic effects [31] [32] [33] .
It is now shown that ascorbic acid has much a broader impact on the critical stages of tumor cell proliferation and differentiation by shifting their epigenome and transcriptome. For example, nuclear factor erythroid 2-related factor 2 (Nrf2) is an essential component of cellular defense against a variety of endogenous and exogenous stresses. A marked increase in research over the past few decades focusing on Nrf2 and its role in regulating glioblastoma has revealed the potential value of Nrf2 in the treatment of glioblastoma and that ascorbic acid affects the regulation of this factor [34] .
Ascorbate plays an important role in regulation of hypoxia-inducible factor 1 (HIF-1a), the dramatic overexpression of which has been observed in common cancers, cancer cell lines, and metastases [35] . Ascorbate has been shown to assist prolyl and lysyl hydroxylases in the hydroxylation of HIF-1a, a transcription factor responsible for the cellular response to low oxygen conditions through activation of genes controlling several cellular transduction pathways, by regulating growth and apoptosis, cell migration, energy metabolism, angiogenesis, and transport of metal ions and glucose [36] . Because HIF-1a prolyl hydroxylase is stimulated by ascorbic acid, low vitamin C levels would reduce HIF-1a hydroxylation and thereby promote HIF-dependent gene transcription and tumor growth [37] .
Given the fact that IVC boosts immunity and collagen formation, inhibits hyaluronidase involved in metastasis, induces apoptosis to help program death of cancer cells without harm to normal cells, has anti-inflammatory and anti-angiogenic effects, and improves quality of life of cancer patients, this treatment can be considered as therapy in optic glioma.
In addition to the IVC treatment, supplementation with vitamin D may have a positive effect on the patient's condition. Vitamin D receptors have important effects not only on physiological processes related to calcium metabolism, but also on cell growth and differentiation. There is in vitro evidence that vitamin D metabolites might be useful agents in the differentiation therapy of human malignant gliomas [38, 39] . The major biologically active metabolite of vitamin D has shown a cytotoxic effect on rat and human glioma cells [40] .
As scientific evidence suggests that the glioma's degree of aggressiveness can be modulated by dietary interventions and that some phytochemicals with antioxidant properties and vitamin supplements participate in this process [41] [42] [43] [44] , the patient was advised on improvement of nutrition and was prescribed supplementation with vitamins and essential minerals.
Conclusions
In conclusion, in this report we document an optic glioma case associated with NF1 treated by IVC after conventional treatment. This treatment may be recommended for young patients who are not eligible to receive conventional treatment due to its toxicity. Further studies are needed to evaluate the role of high-dose IVC in glioma treatment.
